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PROTEIN SIMILAR TO NEUROENDROCRINE-SPECIFIC PROTEIN, AND ENCODING CDNA 
Field of the Invention 

This invention relates to newly identified polypeptides and polynucleotides encoding such 
polypeptides, to their use in diagnosis and in identifying compounds that may be agonists, antagonists that 
are potentially useful in therapy, and to production of such polypeptides and polynucleotides. 

Background of the Invention 

The drug discovery process is currently undergoing a fundamental revolution as it embraces 
"functional genomics", that is, high throughput genome- or gene-based biology. This approach as a means to 
identify genes and gene products as therapeutic targets is rapidly superceding earlier approaches based on 
"positional cloning". A phenotype, that is a biological function or genetic disease, would be identified and 
this would then be tracked back to the responsible gene, based on its genetic map position. 

Functional genomics relies heavily on high-throughput DN A sequencing technologies and the 
various tools of bioinformatics to identify gene sequences of potential interest from the many molecular 
biology databases now available. There is a continuing need to identify and characterise further genes and 
their related polypeptides/proteins, as targets for drug discovery. 

Summary of the Invention 

The present invention relates to MAGI, in particular MAGI polypeptides and MAGI 
polynucleotides, recombinant materials and methods for their production. Such polypeptides and 
polynucleotides are of interest in relation to methods of treatment of certain diseases, including, but not 
limited to, neuropathies, spinal injury, neuronal degeneration, neuromuscular disorders, psychiatric disorders 
and developmental disorders, cancer, stroke and inflammatory disorders hereinafter referred to as " diseases 
of the invention". In a further aspect, the invention relates to methods for identifying agonists and 
antagonists (e.g., inhibitors) using the materials provided by the invention, and treating conditions 
associated with MAGI imbalance with the identified compounds In a still further aspect, the invention 
relates to diagnostic assays for detecting diseases associated with inappropriate MAGI activity or levels. 



Description of the Invention 
In a first aspect, the present invention relates to MAGI polypeptides. Such polypeptides include 

(a) an isolated polypeptide encoded by a polynucleotide comprising the sequence of SEQ ID NO: 1 or SEQ 
(DNO:5; 

(b) an isolated polypeptide comprising a polypeptide sequence having at least 95%, 96%, 97%, 98%. or 
99% identity to the polypeptide sequence of SEQ ID NO:2 or SEQ ID NO:6; 

(c) an isolated polypeptide comprising the polypeptide sequence of SEQ ID NO:2 or SEQ ID NO:6; 

(d) an isolated polypeptide having at least 95%, 96%, 97%. 98%. or 99% identity to the polypeptide 
sequence of SEQ ID NO:2 or SEQ ID NO:6: 

(e) the polypeptide sequence of SEQ ID NO:2 or SEQ ID NO:6; and 

(0 an isolated polypeptide having or comprising a polypeptide sequence that has an Identity Index of 0.95, 
0.96. 0.97. 0.98. or 0.99 compared to the polypeptide sequence of SEQ ID NO:2 or SEQ ID NO:6: 
(g) fragments and variants of such polypeptides in (a) to (f). 
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sequence having at least 30. 50 or 100 contiguous amino acids truncated or deleted from the amino acid 
sequence of SEQ ID NO: 2 or SEQ ID NO:6. Preferred fragments are biologically active fragments that 
mediate the biological activity of MAGI, including those with a similar activity or an improved activity, or 
with a decreased undesirable activity. Also preferred are those fragments that are antigenic or immunogenic 
5 in an animal, especially in a human. 

Fragments of the polypeptides of the invention may be employed for producing the corresponding 
full-length polypeptide by peptide synthesis; therefore, these variants may be employed as intermediates 
for producing the full-length polypeptides of the invention.Thepolypeptides of the present invention may 
be in the form of the "mature" protein or may be a part of a larger protein such as a precursor or a fusion 

1 0 protein. It is often advantageous to include an additional amino acid sequence that contains secretory or 
leader sequences, pro-sequences, sequences that aid in purification, for instance multiple histidine 
residues, or an additional sequence for stability during recombinant production. 

Polypeptides of the present invention can be prepared in any suitable manner, for instance by 
isolation form naturally occuring sources, from genetically engineered host cells comprising expression 

1 5 systems (vide infra) or by chemical synthesis, using for instance automated peptide synthesisers, or a 
combination of such methods.. Means for preparing such polypeptides are well understood in the art. 

In a further aspect, the present invention relates to MAGI polynucleotides. Such polynucleotides 

include: 

20 (a) an isolated polynucleotide comprising a polynucleotide sequence having at least 95%, 96%, 97%, 
98%, or 99% identity to the polynucleotide squence of SEQ ID NO: I or SEQ ID NO:5; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO: I or SEQ ID NO:5; 

(c) an isolated polynucleotide having at least 95%, 96%, 97%, 98%, or 99% identity to the polynucleotide 
of SEQ ID NO: I or SEQ ID NO:5; 

25 (d) the isolated polynucleotide of SEQ ID NO: I or SEQ ID NO:5; 

(e) an isolated polynucleotide comprising a polynucleotide sequence encoding a polypeptide sequence 
having at least 95%, 96%, 97%, 98%, or 99% identity to die polypeptide sequence of SEQ ID NO:2 or SEQ 
ID NO:6; 

(0 an isolated polynucleotide comprising a polynucleotide sequence encoding the polypeptide of SEQ ID 
30 NO:2 or SEQ ID NO:6: ~ ' 

(g) an isolated polynucleotide having a polynucleotide sequence encoding a polypeptide sequence having at 
least 95%. 96%, 97%, 98%. or 99% identity to the polypeptide sequence of SEQ ID NO:2 or SEQ ID 
NO:6; 

(h) an isolated polynucleotide encoding the polypeptide of SEQ ID NO:2or SEQ ID NO:6; 

35 (i) an isolated polynucleotide having or comprising a polynucleotide sequence that has an Identity Index of 
0.95, 0.96, 0.97, 0.98. or 0.99 compared to the polynucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:5; 
(j) an isolated polynucleotide having or comprising a polynucleotide sequence encoding a polypeptide 
sequence that has an Identity Index of 0.95. 0.96. 0.97. 0.98, or 0.99 compared to the polypeptide 
sequence of SEQ ID NO:2 or SEQ ID NO:6: and 

40 polynucleotides that are fragments and variants of the above mentioned polynucleotides or that are 
complementary to above mentioned polynucleotides, over the entire length thereof. 

-3- 



BNSDOC1D: <WO OO05364A1_L> 



WO 00/05364 



PCT/GB99/02360 



Preferred fragments of polynucleotides of the present invention include m isolated polvnucleotide 
co m pr,su, g an nucleotide sequence having at .east , 5. 30. 5.0 or ,00 contiguous nucleotide -fZ " 
sequence of SEQ ID NO: I or SEQ .D NO:5. or an isolated polynucleotide comprise an sequence 
5 NO: Tor SEQ ID NO:^ " ~ ' ^ — ce'of S EQ ID 

Preferred variants of polynucleotides of the present invention include splice variants allelic 
vanants. and polymorphisms, including polynucleotides having one or more single nucleotide 
poKmorphisms(SNPs). 

Polynucleotides of the present invention also include polynucleotides encodine polvpeptide variants 
1 0 ..a, co.npr.se the amino acid sequence of SEQ .D NO:2or SEQ ID NO:6 and in which seveL for insZ^ 
m» ,« » 30.. from 30 to 20. from 20 to ,0. from 1 0 to 5. from 5 to 3, from 3 to 2. from 2 toTor ^ 
acd res.oues are subst.tuted, deleted or added, in any combination. 

DN A J," 3 T r PCCt ' PreSem inVe " ti0n Pr ° VideS P 0, y" ucle °tides that are RNA transcripts of the 
DNA sequences of the present mvention. Accordingly, there is provided an RNA polynucleotide 

NO:2 or SEOIDNO:" " ^ ^ ^ ° f SE <? «> ' 

SEQ ID NO:^'" ^ ^ of SEQ ID NO:2 or 

(c» comprises an RNA transcript of the DNA sequence of SEQ ID NO: 1 or SEQ ID NO-5- or 
' S ^ RNA transcri P l of the DNA sequence of SEQ ID NO: I or SEQ ID NO-5- 
and RNA polynucleotides that are complementary thereto. 

The polynucleotide sequence of SEQ ID NO: I shows homology with Human neuroendocrine- 
25 SEoTdNO 6 , ^"C(R^ bro e k e t a,..J.Bi 0 ,.Che m .26 8 : .3439- .3447,, 993). The po.ynuc.eotide sequence of 
SEQ ID NO. I , s a cDNA sequence that encodes the polypeptide of SEQ ID NO:2. The polynucleotide 
sequence encoding the po.ypeptide of SEQ ID NO:2 may be identica. to the polypeptide encoding 
sequence of SEQ ID NO: . or it may be a sequence other than SEQ ID NO: . , which as a resu.t of the 
redundancy (degeneracy) of the genetic code, also encodes the polypeptide of SEQ ID NO -2 The 

30 stcZ. s C 0 ? he SE0 , u NO -' 2 " rC,ated 10 ° ther Pr ° teinS ° f theretiCU, °" haV '""- e homol °^ -d/or 

343^^7 17 W ; *" neUr ° e " docri "^P-^ P^tein C (Roebr^t a.., J. Bio,. Chem 268: 
,3439- 1,447.1993) The polynucleotide of SEQ ID NO:5 and the polypeptide encoded thereby, SEQ ID 
NO.6, ,s a vanant of the po.ynucleotide of SEQ ,D NO: 1 and it's encoded polypeptide. SEQ ID N02 

Preferred polypeptides and polynucleotides of the present invention are expected to have inter alia. 
35 nTf H r l funCti0nS/pr °P enies t0 their "omo,ogous polypeptides and po,ynuc,eotides. Furthermore 
35 preferred po,ypept.des and polynucleotides of the present invention have at least one MAG I activitv 

The present .nvention also relates to partial or other polynucleotide and polypeptide sequences 

IDNO.I.SEQIDNO:xSEQ,DNO:2andSEQ,DNO:6. 
40 which: ACCOrding '- V - in " f ' Unher 3SpeCt - the prese «» "veniion provides for an isolated po.ynuc.eotide 

!o SEqTd NO ' ,UC,e0t . ide SCqUenCe WhiCh " ' eaSt 95% idemify - Preferab '- V « least 97 ' 99% Wenttv 
to ^t^> u NO:j over the entire length of SEQ ID NO:3; 
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(b) has a nucleotide sequence which has at least 95% identity, preferably at least 97-99% identity, to SEQ 
ID NO:3 over the entire length of SEQ ID NO:3: 

(c) comprises the polynucleotide of SEQ ID NO:3; or 

(d) has a nucleotide sequence encoding a polypeptide which has at least 95% identity, even more 

5 preferably at least 97-99% identity, to the amino acid sequence of SEQ ID NO:4 ; over the entire length of 
SEQ IDNO:4; 

as well as the polynucleotide of SEQ ID NO:3. 

The present invention further provides for a polypeptide which: 

(a) comprises an amino acid sequence which has at least 95% identity, preferably at least 97-99% 
10 identity, to that of SEQ ID NO:4 over the entire length of SEQ ID NO:4; 

(b) has an amino acid sequence which is at least 95% identity, preferably at least 97-99% identity, to the 
amino acid sequence of SEQ ID NO:4 over the entire length of SEQ ID NO:4: 

(c) comprises the amino acid of SEQ ID NO:4; and 

(d) is the polypeptide of SEQ ID NO:4: 

1 5 as well as polypeptides encoded by a polynucleotide comprising the sequencexontained in SEQ ID NO:3. 

The nucleotide sequence of SEQ ID NO:3 and the peptide sequence encoded thereby are derived 
from EST (Expressed Sequence Tag) sequences. It is recognised by those skilled in the art that there will 
inevitably be some nucleotide sequence reading errors in EST sequences (see Adams. M.D. et aU Nature 
377 (supp) 3, 1995). Accordingly, the nucleotide sequence of SEQ ID NO:3 and the peptide sequence 

20 encoded therefrom are therefore subject to the same inherent limitations in sequence accuracy. 

Furthermore, the peptide sequence encoded by SEQ ID NO:3 comprises a region of identity or close 
homology and/or close structural similarity (for example a conservative amino acid difference) with the 
closest homologous or structurally similar protein. 

Polynucleotides of the present invention may be obtained using standard cloning and screening 

25 techniques from a cDNA library derived from mRNA in cells of human fetal brain and spinal cord, (see for 
instance, Sambrook et ai, Molecular Cloning: A Laboratory Manual. 2nd Ed., Cold Spring Harbor 
Laboratory Press ; Cold Spring Harbor, N.Y. (1989)). Polynucleotides of the invention can also be obtained 
from natural sources such as genomic DNA libraries or can be synthesized using well known and 
commercially available techniques. -*»W% :i 

30 When polynucleotides of the present invention are used for the recombinant production of 

polypeptides of the present invention, the polynucleotide may include the coding sequence for the mature 
polypeptide, by itself, or the coding sequence for the mature polypeptide in reading frame with other coding 
sequences, such as those encoding a leader or secretory sequence, a pre-, or pro- or prepro- protein sequence, 
or other fusion peptide portions. For example, a marker sequence that facilitates purification of the fused 

35 polypeptide can be encoded. In certain preferred embodiments of th is aspect of the invention, the marker 
sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen. Inc.) and described in Gentzer 
aL Proc Natl Acad Sci USA (1989) 86:821-824. or is an HA tag. The polynucleotide may also contain non- 
coding 5' and 3' sequences, such as transcribed, non-translated sequences, splicing and polyadenylation 
signals, ribosome binding sites and sequences that stabilize mRNA. 

40 Polynucleotides that are identical, or have sufficient identity to a polynucleotide sequence of SEQ ID 

NO: 1 or SEQ ID NO: 5. may be used as hybridization probes for cDN A and genomic DNA or as primers for 
a nucleic acid amplification reaction (for instance. PCR). Such probes and primers may be used to isolate 
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the present invention relates to expression systems comprising a polynucleotide or polynucleotides of the 
present invention, to host cells which are genetically engineered with such expression sytems and to the 
production of polypeptides of the invention by recombinant techniques. Cell-free translation systems can 
also be employed to produce such proteins using RNAs derived from the DNA constructs of the present 
5 invention. 

For recombinant production, host cells can be genetically engineered to incorporate expression 
systems or portions thereof for polynucleotides of the present invention. Polynucleotides may be introduced 
into host cells by methods described in many standard laboratory manuals* such as Davis et al, Basic 
Methods in Molecular Biology ( 1986) and Sambrook et aidbid). Preferred methods of introducing 

1 0 polynucleotides into host cells include, for instance, calcium phosphate transfection. DEAE-dextran mediated 
transfection, transvection. microinjection, cationic lip id-mediated transfection, electroporation. transduction, 
scrape loading, ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such as Streptococci, 
Staphylococci* E. colL Streptomyces and Bacillus subtilis cells: fungal cells, such as yeast cells and 

1 5 Aspergillus cells; insect cells such as Drosophila S2 and Spodoptera Sf9 cells; animal cells such as CHO, 
COS. HeLa. CI 27, 3T3, BHK, HEK293 and Bowes melanoma cells; and plant cells. 

A great variety of expression systems can be used, for instance, chromosomal, episomal and virus- 
derived systems, e.g., vectors derived from bacterial plasmids. from bacteriophage, from transposons, from 
yeast episomes, from insertion elements, from yeast chromosomal elements, from viruses such as 

20 baculovi ruses, papova viruses, such as SV40, vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies 
viruses and retroviruses, and vectors derived from combinations thereof, such as those derived from plasmid 
and bacteriophage genetic elements, such as cosmids and phagemids. The expression systems may contain 
control regions that regulate as well as engender expression. Generally, any system or vector that is able to 
maintain, propagate or express a polynucleotide to produce a polypeptide in a host may be used. The 

25 appropriate polynucleotide sequence may be inserted into an expression system by any of a variety of well- 
known and routine techniques, such as, for example, those set forth in Sambrooker a/., (ibid). Appropriate 
secretion signals may be incorporated into the desired polypeptide to allow secretion of the translated protein 
into the lumen of the endoplasmic reticulum, the periplasm ic space or the extracellular environment. These 
signals may be endogenous to the polypeptide or they may be heterologous signals. 

30 If a polypeptide of the present invention fSfto be expressed for use ifj^skeening assays, it is generally 

preferred that the polypeptide be produced at the surface of the cell. In this event, the cells may be 
harvested prior to use in the screening assay. If the polypeptide is secreted into the medium, the medium 
can be recovered in order to recover and purify the polypeptide. If produced intracellularly. the cells must 
first be iysed before the polypeptide is recovered. 

35 Polypeptides of the present invention can be recovered and purified from recombinant cell cultures 

by well-known methods including ammonium sulfate or ethanol precipitation, acid extraction, anion or cation 
exchange chromatography, phosphocellulose chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromatography and lectin chromatography. Most preferably, high 
performance liquid chromatography is employed for purification. Well known techniques for refolding 

40 proteins may be employed to regenerate active conformation when the polypeptide is denatured during 
intracellular synthesis, isolation and/or purification. 
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Polynucleotides of the present invention mav be used as diagnostic reasents thmnoh a , • 

var,ety of techniques well known in the art. ' NA ' evd by a 

Nucleic acids for diagnosis may be obtained from a subject's cells such as from hlnnH 

rrr us 7 p k cr - preterab,y rt - pcr - ° r ° t,,er -^ b -*» « ™ - 

analyse RNA or cDNA may also be used in similar fashion. Deletions and insertions can be dZl h 

deTtr d r: °^ amp,ified product in comparison to * e z e a 

dennfied by hybnd.z.ng amplified DNA to labeled MAG I nucleotide sequences. Perfect." ZlZ* 
sequences can be d.stinguished from mismatched duplexes by RNase digestion or by difWes i ILf 

0 s ; ^rr seq r ence difference may a,s ° be tod b * *«£«■ « - JZzi £2 

of DNA fragments ,n gels, with or without denaturing agents, or by direct DNA sequencing Z Tr t Z 
Myers etal, Scenee (1985) 230:,242). Sequence changes at specific locations mav also be ^eaTed bv 

20 thereof * ° h ' g °; UC,e0tides P robes «*» P™ng MAGI polynucleotide sequence or fraements 

P^v h hT t0 C °" dUCt effiCiem SCreen,ng ° f -* ' S«ch anavs T 

preferably h.gh dens.ty arrays or grid, Array technology methods are we., known and have genera. 

~ TZtH- , T dKSS 3 Var,ety ° f qUeSti °" S i0 M " i-cludingTenT 

25 ST h T J mkage ' ^ gen6tiC Variabi,ity ' see ' for ««• Pte- M-Chee et al.. Science 2^4 610-6.3 
(1 996) and other references cited therein. ""wkoiu-gu 

Detection of abnormally decreased or increased levels of polvpeptide or mRNA expression m«v . 
beusedfordiagnosingordeterminingsuscep^ 

o he u e T7 ,0n r bC mCaSUred 3t ^ RNA ,eVe ' USi "* 0f the <™"°<* -I. known "he an 
30 RT PCR RN P*^*** such a, for example, nuc.e.c acid amplification, for ins ance PCR 

beldt^e^ 

Zl a h L n t Prote ' n - SUCH 33 2 P°^ e P tide of the present Mention, in a sample derived 

IZet ^ H H 10 th0SC ° f Ski " in " t SuCh methods radioimmuno JavT 

competit.ve-b,nd,ng assays. Western Blot analysis and ELISA assays "noassays. 

15 r a > a no.I„ ,U V n a "° th : r i aSpeCt ' * e P resent inve ""-°n relates to a diagonostic kit comprising: 

SEO P D NO C e0 7 fthepreSentinVenti0 "-P ref - b '^he nucleotide sequence of SEO ID , or 
ibQ ID NO.5, or a fragment or an RNA transcript thereof: 

(b) a nucleotide sequence complementary to that of (a) 
" «' SEOID^oT "' K " > ' PC '* ide °''"' C a " i0 "' Pre ''" abl > » ""EQ ,D NO:: 
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!t will be appreciated that in any such kit. (a), (b), (c) or (d) may comprise a substantia! 
component. Such a kit will be of use in diagnosing a disease or susceptibility to a disease, particularly 
diseases of the invention, amongst others. 

The polynucleotide sequences of the present invention are valuable for chromosome localisation 
studies. The sequence is specifically targeted to. and can hybridize with, a particular location on an 
individual human chromosome. The mapping of relevant sequences to chromosomes according to the 
present invention is an important first step in correlating those sequences with gene associated disease. Once 
a sequence lias been mapped to a precise chromosomal location, the physical position of the sequence on the 
chromosome can be correlated with genetic map data. Such data are found in. for example. V. McKusick. 
Mendelian Inheritance in Man (available on-line through Johns Hopkins University Welch Medical Library). 
The relationship between genes and diseases that have been mapped to the same chromosomal region are 
then identified through linkage analysis (co- inheritance of physically adjacent genes). Precise human 
chromosomal localisations for a genomic sequence (gene fragment etc.) can be determined using 
Radiation Hybrid (RH) Mapping (Walter, M. Spiilett, D., Thomas. P., Weissenbach, J., and Goodfellow. 
P., (1994) A method for constructing radiation hybrid maps of whole genomes. Nature Genetics 7, 22- 
28). A number of RH panels are available from Research Genetics (Huntsville. AL, USA) e.g. the 
GeneBridge4 RH panel (Hum Mol Genet 1996 Mar;5(3):339-46 A radiation hybrid map of the human 
genome. Gyapay G, Schmitt K, Fizames C, Jones H, Vega-Czarny N, Spiilett D ? Museiet D, Prud'Homme 
JF, Dib C, Auffray C, Morissette J. Weissenbach J, Goodfellow PN). To determine the chromosomal 
location of a gene using this panel. 93 PCRs are performed using primers designed from the gene of 
interest on RH DNAs. Each of these DNAs contains random human genomic fragments maintained in a 
hamster background (human / hamster hybrid cell lines). These PCRs result in 93 scores indicating the 
presence or absence of the PCR product of the gene of interest. These scores are compared with scores 
created using PCR products from genomic sequences of known location. This comparison is conducted 
at http://www.genome.wi.mit.edu/. The gene of the present invention maps to human chromosome2p2 1 . 

The polynucleotide sequences of the present invention are also valuable tools for tissue expression 
studies. Such studies allow the determination of expression patterns of polynucleotides of the present 
invention which may give an indication as to the expression patterns of the ew&%ecf polypeptides in tissues, 
by detecting the mRNAs that encode them. The techniques used are well known in the art and include in situ 
hydridisation techniques to clones arrayed on a grid, such as cDNA microarray hybridisation (Schenaef a/. 
Science. 270, 467-470. 1995 and Shalon et aL Genome Res, 6. 639-645, 1996) and nucleotide amplification 
techniques such as PCR. A preferred method uses the TAQMAN (Trade mark) technology available from 
Perkin Elmer. Results from these studies can provide an indication of the normal function of the polypeptide 
in the organism. In addition, comparative studies of the normal expression pattern of mRNAs with that of 
mRNAs encoded by an alternative form of the same gene (for example, one having an alteration in 
polypeptide coding potential or a regulatory mutation) can provide valuable insights into the role of the 
polypeptides of the present invention, or that of inappropriate expression thereof in disease. Such 
inappropriate expression may be of a temporal, spatial or simply quantitative nature The polypeptides of the 
present invention are expressed in brain, heart, liver, skeletal muscle, pancreas and kidney, based on Northern 
blot data provided in figure I. 
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A further aspect of the present invention relates to antibodies. The polypeptides of the invention or 
their fragments, or cells expressing them, can be used as immunogens to produce antibodies that are 
-mmunospecific for polypeptides of the present invention. The term "immunospecific" means that the 
antibodies have substantially greater affinity for the polypeptides of the invention than their affinity for other 
related polypeptides in the prior art. 

Antibodies generated against polypeptides of the present invention may be obtained bv administering 
the polypept,de S or epitope-bearing fragments, or cells to an animal, preferably a non-human animal usine 
routine protocols. For preparation of monoclonal antibodies, any technique which provides antibodies " 
produced by continuous cell line cultures can be used. Examples include the hybridoma technique (Kohler 
G. and Milstein, C, Nature (1975) 256:495-497). the trioma technique, the human B-cell hvbridoma 
technique (Kozbor ct ai. Immunology Today (1983) 4:72) and the EBV-hvbridoma technique (Coleef al. 
Monoclonal Antibodies and Cancer Therapy, 77-96. Alan R. Liss, Inc., 1985). 

Techniques for the production of single chain antibodies, such as those described in U.S Patent No 
4.946.778. can also be adapted to produce single chain antibodies to polypeptides of this invention Also 
transgenic mice, or other organisms, including other mammals, may be used to express humanized 
antibodies. 

The above-described antibodies may be employed to isolate or to identify clones expressing the 
polypeptide or to purify the polypeptides by affinity chromatography. Antibodies asainst polypeptides of the 
present invention may also be employed to treat diseases of the invention, amongst othere. 

Polypeptides and polynucleotides of the present invention may also be used as vaccines. 
Accordingly, in a further aspect, the present invention relates to a method for inducing an immunological 
response in a mammal that comprises inoculating the mammal with a polypeptide of the present 
invention, adequate to produce antibody and/or T cell immune response, including, for example, 
cytokine-producing T cells or cytotoxic T cells, to protect said animal from disease whether that disease 
■s already established within the individual or not. An immunological response in a mammal may also be 
induced by a method comprises delivering a polypeptide of the present invention via a vector directing 
expression of the polynucleotide and coding for the polypeptide in vivo in order to induce such an 
.mmunological response to produce antibody to protect said animal from, peases of the invention One 
way of administering the vector is by accelerating it into the desired celteas a coating on particles or 
otherwise. Such nucleic acid vector may comprise ON A, RNA, a modified nucleic acid, or a DNA/RNA 
hybrid. For use a vaccine, a polypeptide or a nucleic acid vector will be normally provided as a vaccine 
formulation (composition). The formulation may further comprise a suitable carrier. Since a polypeptide 
may be broken down in the stomach, it is preferably administered parenterals (for instance, 
subcutaneous, intramuscular, intravenous, or intradermal injection). Formulations suitable for parenteral 
administration include aqueous and non-aqueous sterile injection solutions that mav contain anti-oxidants 
butters, bacter.ostats and solutes that render the formulation instonic with the blood of the recipient: and 
aqueous and non-aqueous sterile suspensions that may include suspending agents or thickenintt asjents 
The formulations may be presented in unit-dose or multi-dose containers, for example, sealed ampoules 
and vials and may be stored in a freeze-dried condition requiring only the addition of the sterile liquid 
earner immediately prior to use. The vaccine formulation may also include adjuvant systems for 
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enhancing the immunogenicity of the formulation, such as oil-in water systems and other systems known 
in the an. The dosage will depend on the specific activity of the vaccine and can be readily determined by 
routine experimentation. 

5 Polvpepudes of the present invention have one or more biological functions that are of relevance in 

one or more disease states, in particular the diseases of the invention hereinbefore mentioned. It is therefore 
useful to to identify compounds that stimulate or inhibit the function or level of the polypeptide. 
Accordinclv, in a further aspect, the present invention provides for a method of screening compounds to 
identify those that stimulate or inhibit the function or level of the polypeptide. Such methods identify 

1 0 agonists or antagonists that may be employed for therapeutic and prophylactic purposes for such diseases of 
the invention as hereinbefore mentioned. Compounds may be identified from a variety of sources, for 
example, cells, cell-free preparations, chemical libraries, collections of chemical compounds, and natural 
product mixtures. Such agonists or antagonists so-identified may be natural or modified substrates, ligands, 
receptors, enzymes, etc.. as the case may be, of the polypeptide: a structural or functional mimetic thereof 

1 5 (see Coligan et a/.. Current Protocols in Immunology l(2):Chapter 5 (1991)) or a small molecule. 

The screening method may simply measure the binding of a candidate compound to the 
polypeptide, or to cells or membranes bearing the polypeptide, or a fusion protein thereof, by means of a 
label directly or indirectly associated with the candidate compound. Alternatively, the screening method 
may involve measuring or detecting (qualitatively or quantitatively) the competitive binding of a 

20 candidate compound to the polypeptide against a labeled competitor (e.g. agonist or antagonist). Further, 
these screening methods may test whether the candidate compound results in a signal generated by 
activation or inhibition of the polypeptide, using detection systems appropriate to the ceils bearing the 
.polypeptide. Inhibitors of activation are generally assayed in the presence of a known agonist and the 
effect on activation by the agonist by the presence of the candidate compound is observed. Further, the 

25 screening methods may simply comprise the steps of mixing a candidate compound with a solution 

containing a polypeptide of the present invention, to form a mixture, measuring a MAGI activity in the 
mixture, and comparing the MAGI activity of the mixture to a control mixture which contains no 
candidate compound. 

Polypeptides of the present invention may be employed in conventional low capacity screening 
30 methods and also in high-throughput screening (HTS) formats. Such HX&&rmats include not only the 

well-established use of 96- and, more recently, 384-well micotiter plates but also emerging methods such 
as the nanowell method described by Schullek et al. Anal Biochem., 246, 20-29, ( 1997). 

Fusion proteins, such as those made from Fc portion and MAGI polypeptide, as hereinbefore 
described, can also be used for high-throughput screening assays to identify antagonists for the 
35 polypeptide of the present invention (see D. Bennett et al„ J Mol Recognition, 8:52-58 ( 1995); and K. 
Johanson et aL J Biol Chem. 270( l6):9459-947 1 (1995)). 

The polynucleotides, polypeptides and antibodies to the polypeptide of the present invention may 
also be used to configure screening methods for detecting the effect of added compounds on the 
40 production ofmRNA and polypeptide in cells. For example, an ELISA assay may be constructed for 

measuring secreted or cell associated levels of polypeptide using monoclonal and polyclonal antibodies by 
standard methods known in the an. This can be used to discover agents that may inhibit or enhance the 
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production of polypeptide (also called antagonist or agonist, respectively) from suitably manipulated cells 
or tissues. 

A polypeptide of the present invention may be used to identify membrane bound or soluble 
receptors, if any. through standard receptor binding techniques known in the art. These include, but are 
not limited to, ligand binding and crosslinking assays in which the polypeptide islabeled with a 
radioactive isotope (for instance. 125 l), chemically modified (for instance, biotinylated), or fused to a 
peptide sequence suitable for detection or purification, and incubated with a source of the putative 
receptor (cells, cell membranes, cell supernatants, tissue extracts, bodily fluids). Other methods include 
biophysical techniques such as surface plasmon resonance and spectroscopy. These screening methods 
may also be used to identify agonists and antagonists of the polypeptide that compete with the binding of 
the polypeptide to its receptors, if any. Standard methods for conducting such assays are well understood 
in the art. 

Examples of antagonists of polypeptides of the present invention include antibodies or, in some 
cases, oligonucleotides or proteins that are closely related to the ligands, substrates, receptors, enzymes, etc., 
15 as the case may be, of the polypeptide, e.g., a fragment of the ligands. substrates, receptors, enzymes, etc.; or 
a small molecule that bind to the polypeptide of the present invention but do not elicit a response, so that the 
activity of the polypeptide is prevented. 

Screening methods may also involve the use of transgenic technology and MAGI gene. The art 
of constructing transgenic animals is well established. For example, the MAGI gene may be introduced 

20 through microinjection into the male pronucleus of fertilized oocytes, retroviral transfer into pre- or post- 
implantation embryos, or injection of genetically modified, such as by electroporation. embryonic stem 
cells into host blastocysts. Particularly useful transgenic animals are so-called "knock-in" animals in 
which an animal gene is replaced by the human equivalent within the genome of that animal. Knock-in 
transgenic animals are useful in the drug discovery process, for target validation, where the compound is 

25 specific for the human target. Other useful transgenic animals are so-called "knock-out" animals in which 
the expression of the animal orthoiog of a polypeptide of the present invention and encoded by an 
endogenous DNA sequence in a cell is partially or completely annulled. The gene knock-out may be 
targeted to specific cells or tissues, may occur only in certain cells or tissues as a consequence of the 
limitations of the technology, or may occur in all, or substantially all. cells in the animal. Transgenic 

30 animal technology also offers a whole animal expression-cloning systemjn^hich introduced genes are 
expressed to give large amounts of polypeptides of the present invention **** 

Screening kits for use in the above described methods form a further aspect of the present 
invention. Such screening kits comprise: 
(a) a polypeptide of the present invention; 

35 (b) a recombinant cell expressing a polypeptide of the present invention: 

(c) a cell membrane expressing a polypeptide of the present invention: or 

(d) an antibody to a polypeptide of the present invention: 

which polypeptide is preferably that of SEQ ID NO:2 or SEQ ID NO:6. 

It will be appreciated that in any such kit, (a), (b). (c) or(d) may comprise a substantial 
component. 
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The following definitions are provided to facilitate understanding of certain terms used frequently 
hereinbefore. 

"Antibodies" as used herein includes polyclonal and monoclonal antibodies, chimeric, single 
chain, and humanized antibodies, as well as Fab fragments, including the products of an 
5 Fab or other immunoglobulin expression library. 

"Isolated" means altered "by the hand of man" from its natural state, i.e.. if it occurs in 
nature, it has been changed or removed from its original environment, or both. For example, a 
polynucleotide or a polypeptide naturally present in a living organism is not 'isolated/* but the 
same polynucleotide or polypeptide separated from the coexisting materials of its natural state is 
10 "isolated", as the term is employed herein. Moreover, a polynucleotide or polypeptide that is 
introduced into an organism by transformation, genetic manipulation or by any other recombinant 
method is "isolated" even if it is still present in said organism, which organism may be living or 
non-living. 

"Polynucleotide" generally refers to any polyribonucleotide (RNA) or polydeoxribonucleotide 
1 5 (DNA). which may be unmodified or modified RNA or DNA. "Polynucleotides** include, without 
limitation, single- and double-stranded DNA. DNA that is a mixture of single- and double-stranded 
regions, single- and double-stranded RNA, and RNA that is mixture of single- and double-stranded 
regions, hybrid molecules comprising DNA and RNA that may be single-stranded or, more typically, 
double-stranded or a mixture of single- and double-stranded regions. In addition, "polynucleotide'* refers 
20 to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The term "polynucleotide" 
also includes DN As or RN As containing one or more modified bases and DNAs or RNAs with backbones 
modified for stability or for other reasons. "Modified" bases include, for example, tritylated bases and 
unusual bases such as inosine. A variety of modifications may be made to DNA and RNA; thus, 
"polynucleotide" embraces chemically, enzymatically or metabolically modified forms of polynucleotides 
25 as typically found in nature, as well as the chemical forms of DNA and RNA characteristic of viruses and 
cells. "Polynucleotide" also embraces relatively short polynucleotides, often referred to as 
oligonucleotides. 

"Polypeptide" refers to any polypeptide comprising two or more amino acids joined to each other 
by peptide bonds or modified peptide bonds, i.e.. peptide isosteres. "Polypeptide" refers to both short 

30 chains, commonly referred to as peptides, oligopeptides or oligomers. ari$$£jonger chains, generally 
referred to as proteins. Polypeptides may contain amino acids other than the 20 gene-encoded amino 
acids. 'Polypeptides" include amino acid sequences modified either by natural processes, such as post- 
translational processing, or by chemical modification techniques that are well known in the art. Such 
modifications are well described in basic texts and in more detailed monographs, as well as in a 

35 voluminous research literature. Modifications may occur anywhere in a polypeptide, including the 

peptide backbone, the amino acid side-chains and the amino or carboxyl termini. It will be appreciated 
that the same type of modification may be present to the same or varying degrees at several sites in a 
given polypeptide. Also, a given polypeptide may contain many types of modifications. Polypeptides 
may be branched as a result of ubiquitination, and they may be cyclic, with or without branching. Cyclic, 

40 branched and branched cyclic polypeptides may result from post-translation natural processes or may be 
made by synthetic methods. Modifications include acetylation. acylation. ADP-ribosylation. amidation. 
biotinylation. covalent attachment of flavin, covalent attachment of a heme moiety, covalent attachment 
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of a nucleot.de or nucleotide derivative, covalent attachment of a lipid or lipid derivative covalent 
attachment of phosphotidylinositol. cross-linking, cyclization. disulfide bond formation, demethvlation 
format.™ of covalent cross-links, formation of cystine, formation of pyroglutamate. formation o amma . 
carboxylat.on. glycosylation. GPI anchor formation, hydroxylation. iodination. methvlation ' = 
mynstoylat.on. ox.dation. proteolytic processing, phosphorylation, prenvlation. racemization 
se.enovlat.on. sulfation. transfer-RNA mediated addition of amino acids to proteins such as arginy.ation 

and ub, q uu,na..on( see. for instance. Proteins -Structure and Molecular Properties ^nd Ed 
T. E. Cre.gh.on. W. H. Freeman and Company. New York, 1993; Wold. F.. Post-translational Protein 
Mod. .canons: Perspectives and Prospects. . - , 2. in Post-translational Covalent Modification of Proteins 
a C Johnson. Ed Academic Press. New York. ,983; Seifter *,„/.. "Ana.ysis for protein modifications" 
and nonprote.n cotactors . Meth Enzymol, I 82. 626-646, 1990. and Rattan „ a!.. "Protein Svnthesis 
Post-translat.onal Modificat.ons and Aging", Ann NY Acad Sci. 663. 48-62. 1 992). 

"Fragment" of a polypept.de sequence refers to a polypeptide sequence that is shorter than the 
reference sequence but that reta.ns essentially the same biological function or activity as the reference 
po.ypept.de.. "Fragment" of a polynucleotide sequence refers to a po.ynuc.oetide sequence that is shorter 
than the reference sequence of SEQ FD NO: 1 or SEQ ID NO:5. 

"Variant" refers to a polynucleotide or polypeptide that differs from a reference polvnucleotide or 
polypeptide, but retains the essential properties thereof. A typical variant of a polynucleotide differs in 
nucleot.de sequence from the reference polynucleotide. Changes in the nucleotide sequence of the variant 
may or may not alter the amino acid sequence of a polypeptide encoded by the reference polvnucleotide 
Nucleot.de changes may result in amino acid substitutions, additions, deletions, fusions and 'truncations in 
the polypept.de encoded by the reference sequence, as discussed below. A tvpical variant of a 
.polypept.de d.ffers in amino acid sequence from the reference polypeptide. Generally, alterations are 
homed so that the sequences of the reference polypeptide and the variant are closelv similar overall and 
■n many regtons, identical. A variant and reference polypeptide may differ in amino acid sequence by one 
or more substations, insertions, deletions in any combination. A substituted or inserted amino acid 
restdue may or may not be one encoded by the genetic code. Typical conservative substitutions include 
Gly. Ala: Val, He. Leu; Asp, Glu: Asn. Gin; Ser. Thr: Lys, Arg; and Phe and Tvr. A variant of a 
polynucleot.de or polypeptide may be naturally occurring such as an allele, or it may be a variant that is 
not known to occur naturally. Non-naturally occurring variants of polynucleotides and polvpeptides mav 
be made by mutagenesis techniques or by direct synthesis. Also include<fSs\ar,ants are polvpeptides ' 
nav.ng one or more post-translational modificat.ons. for instance glycosylation. phosphorylation 
methv a tIO n, ADP ribosylation and the like. Embodiments include mediation of the N-termina'l amino 
ac.d. phosphorylat.ons of serines and threonines and modification of C-terminal glycines 

"Allele" refers to one of two or more alternative forms of a gene occuring at a uiven locus in the 



20 



40 



genome. 



"Polymorphism" refers to a variation in nucleotide sequence (and encoded polvpeptide sequence 
if relevant) at a given position in the genome within a population. 

"Single Nucleotide Polymorphism" (SNP) refers to the occurence of nucleotide variabilitv a, a 
s.ngle nucleot.de position in the genome, with.,, a population. An SNP mav occur within a ^ene or within 
.ntergemc regions of the genome. SNPs can be assayed using Allele Specific Amplification^ ASA) For 
the process at least 3 primers are required. A common primer is used in reverse complement to the 

- 14- 



BNSOOCID: <WO 000S364A1_I_> 



WO 00/05364 PCT/GB99/02360 



polymorphism beinu assayed. This common primer can be between 50 and 1500 bps from the 
polymorphic base. The other two (or more) primers are identical to each other except that the final 3' 
base wobbles to match one of the two (or more) alleles that make up the polymorphism. Two (or more) 
PCR reactions are then conducted on sample DNA. each using the common primer and one of the Allele 
5 Specific Primers. 

"Splice Variant" as used herein refers to cDNA molecules produced from RNA molecules 
initially transcribed from the same genomic DNA sequence but which have undergone alternative RNA 
splicing. Alternative RNA splicing occurs when a primary RNA transcript undergoes splicing, generally 
f .»r the removal of introns. which results in the production of more than one mRNA molecule each of that 

10 tn.1% encode different amino acid sequences. The term splice variant also refers to the proteins encoded 
h\ the above cDNA molecules. 

"Identity" reflects a relationship between two or more polypeptide sequences or two or more 
polynucleotide sequences, determined by comparing the sequences. In general, identify refers to an exact 
nucleotide to nucleotide or amino acid to amino acid correspondence of the two polynucleotide or two 

1 5 polypeptide sequences, respectively, over the length of the sequences being compared. 

**% Identity" - For sequences where there is not an exact correspondence, a "% identity" may be 
determined. In general, the two sequences to be compared are aligned to give a maximum correlation 
between the sequences. This may include inserting "gaps" in either one or both sequences, to enhance the 
degree of alignment. A % identity may be determined over the whole length of each of the sequences 

20 being compared (so-called global alignment), that is particularly suitable for sequences of the same or 

very similar length, or over shorter, defined lengths (so-called local alignment), that is more suitable for 
sequences of unequal length. 

"Similarity" is a further, more sophisticated measure of the relationship between two polypeptide 
sequences. In general, "similarity" means a comparison between the amino acids of two polypeptide 

25 chains, on a residue by residue basis, taking into account not only exact correspondences between a 
between pairs of residues, one from each of the sequences being compared (as for identity) but also, 
where there is not an exact correspondence, whether, on an evolutionary basis, one residue is a likely 
substitute for the other. This likelihood has an associated "score" from which the "% similarity" of the 
two sequences can then be determined. *v* s % , 

30 Methods for comparing the identity and similarity of two or more sequences are well known in 

the art. Thus for instance, programs available in the Wisconsin Sequence Analysis Package, version 9. 1 
(Devereux J et al. Nucleic Acids Res, 12. 387-395, 1984, available from Genetics Computer Group, 
Madison. Wisconsin, USA), for example the programs BESTFIT and GAP. may be used to determine the 
% identity between two polynucleotides and the % identity and the % similarity between two polypeptide 

35 sequences. BESTFIT uses the "local homology" algorithm of Smith and Waterman (J Mol Biol, 147,195- 
197, 1 98 L Advances in Applied Mathematics. 2, 482-489, 1981) and finds the best single region of 
similarity between two sequences, BESTFIT is more suited to comparing two polynucleotide or two 
polypeptide sequences that are dissimilar in length, the program assuming that the shorter sequence 
represents a portion of the longer. In comparison. GAP aligns two sequences, finding a "maximum 

40 similarity", according to the algorithm of Neddleman and Wunsch (J Mol Biol. 48. 443-453. 1970). GAP 
is more suited to comparing sequences that are approximately the same length and an alignment is 
expected over the entire length. Preferably, the parameters "Gap Weight" and "Length Weight" used in 
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each program are 50 and 3. for polynucleotide sequences and 12 and 4 for polypeptide sequences 
respectively. Preferably, % identities and similarities are determ.ned when the two sequences beine 
compared are optimally aligned. 

Other programs for determining identity and/or similarity between sequences are also known in 
the art. for instance the BLAST family of programs (Altschul S F et al. J Mol Biol. 215 403-410 1990 
Altschul S F et al. Nucleic Acids Res.. 25:389-3402. 1997, available from the National Center for 
Biotechnology Information (NCBI). Bethesda. Maryland. USA and accessible through the home pa-e of 
the NCBI at www.ncbi.nlm.nih.gov) and FASTA (Pearson W R, Methods in Enzvmoloev, 1 83 63-99 
1990: Pearson W R and Lipman D J. Proc Nat Acad Sci USA, 85. 2444-2448.1988, available as part of 
the Wisconsin Sequence Analysis Package). 

Preferably, the BLOSUM62 amino acid substitution matrix (Henikoff S and HenikofTJ G Proc 
Nat. Acad Sci. USA. 89, 10915-10919, 1992) is used in polypeptide sequence comparisons includine 
where nucleotide sequences are first translated into amino acid sequences before comparison. 

Preferably, the program BESTFIT is used to determine the % identity of a query polynucleotide 
or a polypeptide sequence with respect to a reference polynucleotide or a polypeptide sequence, the query 
and the reference sequence being optimally aligned and the parameters of the program set at the default ' 
value, as hereinbefore described. 

"Identity Index" is a measure of sequence relatedness which may be used to compare a candidate 
sequence (polynucleotide or polypeptide) and a reference sequence. Thus, for instance, a candidate 
polynucleotide sequence having, for example, an Identity Index of 0.95 compared to a reference 
polynucleotide sequence is identical to the reference sequence except that the candidate polynucleotide 
sequence may include on average up to five differences per each 100 nucleotides of the reference 
sequence. Such differences are selected from die group consisting of at least one nucleotide deletion, 
substitution, including transition and transversion, or insertion. These differences may occur at the 5' or 
3' terminal positions of the reference polynucleotide sequence or anywhere between these terminal 
positions, interspersed either individually among the nucleotides in the reference sequence or in one or 
more contiguous groups within the reference sequence. In other words, to obtain a polynucleotide 
sequence having an Identity Index of 0.95 compared to a reference polynucleotide sequ'ence, an avera-e 
of up to 3 in every 100 of the nucleotides of the in the reference sequence mav be deleted, substituted or 
inserted, or any combination thereof, as hereinbefore described. The samtf&Jfpltes mutatis mutandis for 
other values of the Identity Index, for instance 0.96. 0.97, 0.98 and 0.99. 

Similarly, for a polypeptide, a candidate polypeptide sequence having, for example, an Identity 
Index ot 0.95 compared to a reference polypeptide sequence is identical to the reference sequence except 
that the polypeptide sequence may include an average of up to five differences per each 100 amino acids 
of the reference sequence. Such differences are selected from the group consisting of at least one amino 
acid deletion, substitution, including conservative and non-conservative substitution, or insertion These 
differences may occur at the amino- or carboxy-terminal positions of the reference polypeptide sequence 
or anywhere between these terminal positions, interspersed either individually among the amino acids in 
the reference sequence or in one or more contiguous groups within the reference sequence. In other 
words, to obtain a polypeptide sequence having an Identity Index of 0.95 compared to a reference 
polypeptide sequence, an average of up to 5 in every 100 of the amino acids in the reference sequence 
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may be deleted, substituted or inserted, or any combination thereof, as hereinbefore described. The same 
applies mutatis mutandis for other values of the Identity Index, for instance 0.96. 0.97, 0.98 and 0.99. 

The relationship between the number of nucleotide or amino acid differences and the Identity 
Index may be expressed in the following equation: 
5 n a < x a - (x a • I), 

in which: 

n a is the number of nucleotide or amino acid differences, 

x a is the total number of nucleotides or amino acids in SEQ ID NO: I or SEQ ID NO:5 or SEQ ID NO:2 
or SEQ ID NO:6, respectively, 
10 I is the Identity Index . 

• is the symbol for the multiplication operator, and 

in which any non-integer product of x a and I is rounded down to the nearest integer prior to subtracting it 
from x a . 

"Homolog" is a generic term used in the art to indicate a polynucleotide or polypeptide sequence 
1 5 possessing a high degree of sequence relatedness to a reference sequence. Such relatedness may be 
quantified by determining the degree of identity and/or similarity between the two sequences as 
hereinbefore defined. Falling within this generic term are the terms "ortholog". and "paralog". 
"Ortholog" refers to a polynucleotide or polypeptide that is the functional equivalent of the polynucleotide 
or polypeptide in another species. "Paralog" refers to a polynucleotideor polypeptide that within the same 
20 species which is functionally similar. 

"Fusion protein" refers to a protein encoded by two, often unrelated, fused genes or fragments 
thereof. In one example, EP-A-0 464 *** discloses fusion proteins comprising various portions of 
constant region of immunoglobulin molecules together with another human protein or part thereof. In 
many cases, employing an immunoglobulin Fc region as a part of a fusion protein is advantageous for use 
25 in therapy and diagnosis resulting in, for example, improved pharmacokinetic properties [see, e.g., EP-A 
0232 262]. On the other hand, for some uses it would be desirable to be able to delete the Fc part after the 
fusion protein has been expressed, detected and purified. 

Example -Tissue distribution of human iVL\GI 
30 A radioactively labelled DNA probe corresponding to the C«termiriaT2kb of the MAGI open 

reading frame was hybridised with aClontech MTN-I filter containing equivalent loadings of mRNA 

from each of the indicated tissues and then washed to high stringency to only detect MAGI transcripts. 

The results are shown in figure I. At least three bands are visible (>5kb, 2.4kb and <2kb). The largest 

transcript is present in adult brain and to a lesser degree in heart and skeletal muscle. The middle 
35 transcript is present at essentially similar levels in all tissues while the shortest transcripts is more 

specifically expressed, most abundantly in skeletal muscle, brain and kidney with low levels detectable in 

the pancreas. 

Figure 1 Depicts a Northern blot showing tissue distribution of human MAGI. Lane I contains human adult 
40 heart RNA. lane 2 contains human adult brain RNA. lane 3 contains human placental RNA, lane 4 contains 

human adult lung RNA. lane 5 contains human adult liver RNA , lane 6 contains human adult skeletal muscle 
RNA. lane 7 contains human adult kidney RNA and lane 8 contains human adult pancreas RNA. 
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SEQUENCE INFORMATION 
SEQ ID NO: I 

ATGGAAGACCTGGACCAGTCTCCTCrGGTCTCGTCCTCGGACAGCCCACCCCGGCCGCAG 
5 CCCGCGTTCAAGTACCAGTTCGTGAGGGAGCCCGAGGACGAGGAGGAAGAAGAGGAGGAG 
GAAGAGGAGGACGAGGACGAAGACCT3GAGGAGCTGGAGGTGCTGGAGAGGAAGCCCGCC 
GCCGGGCTGTCCGCGGCCCCAGTGCCCACCGCCCCTGCCGCCGGCGCGCCCCTGATGGAC 
TTCGGAAATGACTTCGTGCCGCCGGCGCCCCGGGGACCCCTGCCGGCCGCTCCCCCCGTC 
GCCCCGGAGCGGCAGCCGTCTTGGGACCCGAGCCCGGTGTCGTCGACCGTGCCCGCGCCA 

10 TCCCCGCTGTCTGCTGCCGCAGTCTC3CCCTCCAAGCTCCCTGAGGACGACGAGCCTCCG 
GCCCGGCCTCCCCCTCCTCCCCCGGCCAGCGTGAGCCCCCAGGCAGAGCCCGTGTGGACC 
CCGCCAGCCCCGGCTCCCGCCGCGCCCCCCTCCACCCCGGCCGCGCCCAAGCGCAGGGGC 
TCCTCGGGCTCAGTGGATGAGACCCTTTTTGCTCTTCCTGCTGCATCTGAGCCTGTGATA 
CGCTCCTCTGCAGAAAATATGGACTTGAAGGAGCAGCCAGGTAACACTATTTCGGCTGGT 

15 CAAGAGGATTTCCCATCTGTCCTGCTTGAAACTGCTGCTTCTCTTCCTTCTCTGTCTCCT 
CTCTCAGCCGCTTCTTTCAAAGAACATGAATACCTTGGTAATTTGTCAACAGTATTACCC 
ACTGAAGGAAC ACTTC AAGAAAATGT CAGTG AAGCTTCTAAAGAGGTCTC AGAGAAGG CA 
AAAACTCTACTCATAGATAGAGATTTAACAGAGTTTTCAGAATTAGAATACTCAGAAATG 
GG ATC AT CGTTCAGTGT CTCTCCAAAAGCAG AATCTGCCGTAATAGTAGCAAATCCTAGG 

20 GAAGAAATAATCGTGAAAAATAAAGATGAAGAAGAGAAGTTAGTTAGTAATAACATCCTT 
CATAATCAACAAGAGTTACCTACAGC7CTTACTAAATTGGTTAAAGAGGATGAAGTTGTG 
TCTTCAGAAAAAGCAAAAGACAGTT7TAATGAAAAGAGAGTTGCAGTGGAAGCTCCTATG 
AGGGAGGAATATGCAGACTTCAAACCATTTGAGCGAGTATGGGAAGTGAAAGATAGTAAG 
GAAGATAGTGATATGTTGGCTGCTGGAGGTAAAATCGAGAGCAACTTGGAAAGTAAAGTG 

25 GATAAAAAATGTTTTGCAGATAGCCTTGAGCAAACTAATCACGAAAAAGATAGTGAGAGT 
AGTAATG ATGATACTT CTTTC CCCAGTACGC CAGAAGGTATAAAGGATCGTCCAGGAGCA 
TATATCACATGTGCTCC CTTTAACCCAGCAGCAACTG AGAG CATTG C AACAAACATTTTT 
C CTTTGTTAGGAG ATC CTACTTCAGAAAATAAG ACCGATG AAAAAAAAATAGAAGAAAAG 
AAGGCCCAAATAGTAACAGAGAAGAATACTAGCA(^AAAACATCAAACCCTTT^C 4 ^*GTA 

3 0 GC AGCAC AGG ATTCTG AGACAGATTATGTCACAACAGATAATTTAACAAAGGTd^&^TGAG 
GAAGTCGTGGCAAACATGCCTGAAGGCCTGACTCCAGATTTAGTACAGGAAGCATGTGAA 
AGTGAATTGAATGAAGTTACTGGTACAAAGATTGCTTATGAAACAAAAATGGACTTGGTT 
CAAACAT C AG AAGTTATGCAAGAGTCACTCTATCCTGCAGCACAGCTTTGC CCATC ATTT 
GAAGAGTCAGAAGCTACTCCTTCACCAGTTTTGCCTGACATTGTTATGGAAGCACCATTG 

35 AATTCTGCAGTTCCTAGTGCTGGTGCTTCCGTGATACAGCCCAGCTCATCACCATTAGAA 
GCTTCTT C AGTTAATTATGAAAGCAT AAAAC ATGAG CCTGAAAACC C C C CACCATATG AA 
GAGGCCATGAGTGTATCACTAAAAAAAGTATCAGGAATAAAGGAAGAAATTAAAGAGCCT 
GAAAATATTAATGCAGCTCTTCAAGAAACAGAAGCTCCTTATATATCTATTGCATGTGAT 
TTAATTAAAGAAACAAAGCTTTCTGCTGAACCAGCTCCGGATTTCTCTGATTATTCAGAA 

40 ATGGCAAAAGTTGAACAGCCAGTGCCTGATCATTCTGAGCTAGTTGAAGATTCCTCACCT 
GATTCTGAACCAGTTGACTTATTTAGTGATGATTCAATACCTGACGTTCCACAAAAACAA 
GATGAAACTGTGATGCTTGTGAAAGAAAGTCTCACTGAGACTTCATTTGAGTCAATGATA 
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GAATATGAAAATAAGGAAAAACTCAGTGCTTTGCCACCTGAGGGAGGAAAGCCATATTTG 
GAATCTTTTAAG CTCAGTTTAGATAACACAAAAGATACCCTGTTAC CTGATGAAGTTTCA 

ACATTGAGCAAAAAGGAGAAAATTCCTTTGCAGATGGAGGAGCTCAGTACTGCAGTTTAT 
TCAAATG ATGACTTATTTATTTCTAAGG AAG CAC AG ATAAG AGAAACTGAAACG TTTTCA 

GATTCATCTCCAATTGAAATTATAGATGAGTTCCCTACATTGATCAGTTCTAAAACTGAT 
TCATTTTCTAAATTAGCCAGGGAATATACTGACCTAGAAGTATCCCACAAAAGTGAAATT 
GCTAATGCCCCGGATGGAGCTGGGTCATTGCCTTGCACAGAATTGCCCCATGACCTTTCT 
TTGAAGAACATACAACCCAAAGTTGAAGAGAAAATCAGTTTCTCAGATGACTTTTCTAAA 
AATGGGTCTGCTACATCAAAGGTGCTCTTATTGCCTCCAGATGTTTCT3CTTTGGCCACT 
CAAGCAGAGATAGAGAGCATAGTTAAACCCAAAGTTCTTGTGAAAGAAGCTGAGAAAAAA 
CTTCCTTCCGATACAGAAAAAGAGGACAGATCACCATCTGCTATATTTTCAGCAGAGCTG 
AGTAAAACTTCAGTTGTTGACCTCCTGTACTGGAGAGACATTAAGAAGACTGGAGTGGTG 
TTTGGTGCCAGCCTATTCCTGCTGCTTTCATTGACAGTATTCAGCATTGTGAGCGTAACA 
GCCTACATTGCCTTGGCCCTGCTCTCTGTGACCATCAGCTTTAGGATATACAAGGGTGTG 
1 5 ATCCAAGCTATCCAGAAATCAGATGAAGGCCACCCATTCAGGGCATATCTGGAATCTGAA 
GTTGCTATATCTGAGGAGTTGGTTCAGAAGTACAGTAATTCTGCTCTTGGTCATGTGAAC 
TGCACGATAAAGGAACTCAGGCGCCTCTTCTTAGTTGATGATTTAGTTGATTCTCTGAAG 
TTTGCAGTGTTGATGTGGGTATTTACCTATGTTGGTGCCTTGTTTAATGGTCTGACACTA 
CTGATTTTGGCTCTCATTTCACTCTTCAGTGTTCCTGTTATTTATGAACGGCATCAGGCG 
CAGATAGATCATTATCTAGGACTTGCAAATAAGAATGTTAAAGATGCTATGGCTAAAATC 
CAAGCAAAAATCCCTGGATTGAAGCGCAAAGCTGAATGA 



20 



25 



SEQ ID NO:2 

MEDLDQSPIiVSSSDSPPRPQPAFKYQFVREPEDEEEEEEEEEEDEDEDLEELEVLERKPA 
AGLSAAPVPTAPAAGAPLMDFGNDFVPPAPRGPLPAAPPVAPERQPSWDPSPVSSTVPAP 
SPLSAAAVSPSKLPEDDEPPARPPPPPPASVSPQAEPVWTPPAPAPAAPPSTPAAPKRRG 
SSGSVDETLFALPAASEPVIRSSAENMDLKEQPGNTISAGQEDFPSVLLETAASLPSLSP 
LSAASFKEHEYLGNLSTVLPTEGTLQENVSEASKEVSEKAKTLLIDRDLTEFSELEYSEM 
GSSFSVSPKAESAVIVANPREEIIVKNKDEEEKLVSNNILHNQQELPTALTKLVKEDEW 
30 S S EKAKDS FNEKRVAVE APMREEYADFKPFERVWEVKDS KEDSDMLAAGGKI ESlflBE^ 

DKKCFADSLEQTNHEKDSESSNCDTS FPSTPEG IKDRPGAYITCAPFNPAATES IATNI F 
PLLGDPTSENKTDEIOCIEEKKAQIVTEKNTSTKTSKPFLVAAQDSETDY-^TTDNLTKVTE 
EWANMPEGLTPDLVQEACESELNEVTGTKIAYETKMDLVQTSEVMQESLYPAAQLCPSF 
EESEATPSPVLPDIVMEAPLNSAVPSAGASVIQPSSSPLEASSVNYESXKHEPENPPPYE 
35 EAMSVSLKKVSGIKEEIKEPENINAALQETEAPYISIACDLIKETKLSAEPAPDFSDYSE 
MAKVEQPVPDHSELVEDSSPDSEPVDLFSDDSIPDVPQKQDETVMLVKESLTETSFESMI 
EYENKEKLSALPPEGGKPYLESFKLSLDNTKDTLLPDEVSTLSKKEKIPLQMEELSTAVY 
SNDDLFISKEAQIRETETFSDSSPIEIIDEFPTLISSKTDSFSKLAREYTDLEVSHKSEI 
ANAPDGAGSLPCTELPHDLSLKNIQPKVEEKISFSDDFSKNGSATSKVLLLPPDVSALAT 
40 QAEIESIVKPKVLVKEAEKKLPSDTEKEDRSPSAIFSAELSKTSWDLLYMRDIKKTGW 
FGASLFLLLSLTVFSIVSVTAYIALALLSVTISFRIYKGVIQAIQKSDEGHPFRAYLESE 
VAISEELVQKYSNSALGHVNCTIKELRRLFLVDDLVDSLKFAVLMWVFTYVGALFNGLTL 
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LIIALISLFSVPVIYERHQAQIDHYLGLANKNVKDAMAKIQAKIPGLKRKAE 

SEQ ID NO:3 

GAAAATATGGACTTGAAGGAGCAGCCAGGTAACACTATTTCGGCTGGTCAAGAGGATTTC 
5 CCATCTGTCCTGCTTGAAACTGCTGCTTCTNTTCCTTCTCTGTCTCCTCTCTCAGCCGCT 
TCTTTCAAAGAACATGAATACCTTGGTAATTTGTCAACAGTATTACCCACTGAAGGAACA 
CTTCAAGAAAATGTCAGTGAAGCTTCTAAAGAGGTCTCAGAGAAGGCAAAAACTCTACTC 
ATAGATAGAGATTTAACAGAGTTTTCAGAATTAGAATACTCAGAAATGGGATCATCGTTC 
AGTGTCTCTCCAAAAGCAGAATCTGCCGTAATAGTAGCAAATCCTAGGGAAGAAATAATC 

1 0 GTGAAAAATAAAGATGAAGAAGAGAAGTTAGTTAGTAATAACATCCTTCATANTCAACAA 
GAGTTACCTACAGCTCTTACTAAATTGGTTAAAGAGGATGAAGTTGTGTCTTCAGAAAAA 
GCAAAAGACAGTTTTAATGAAAAGAGAGTTGCAGTGGAAGCTCCTATGAGGGAGGAATAT 
GCAGACTTCAAACCATTTGAGCGAGTATGGGAAGTGAAAGATAGTAAGGAAGATAGTGAT 
ATGTTGGCTGCTGGAGGTAAAATCGAGAGCAACTTGGAAAGTAAAGTGGATAAAAAATGT 

15 TTTGCAGATAGCCTTGAGCAAACTAATCACGAAAAAGATAGTGAGAGTAGTAATGATGAT 
ACTTCTTTCCCCAGTACGCCAGAAGGTATAAAGGATCGTTCAGGAGCATATATCACATGT 
GCTCCCTTTAACCCAGCAGCAACTGAGAGCATTGCAACAAACATTaTTCCTTTGTTAGGA 
GATCCTACTTCAGAAAATAAGACCGATG 

20 SEQ ID NO:4 

ENMDLKEQPGNTISAGQEDFPSVTjLETAA 

LQENVS E AS KEVS EKAKTLL IDRDLTEFS ELE YS EMGS S FS VS PKAES AVI VANPREE 1 1 
VTQTKDEEEKXVSNNILHXQQELPTAI^T 

ADFKPFERVWEVTODSKEDSDMI^GGKIESNLESKVDKKCFADSLEQTNHEra 
25 TSFPSTPEGIKDRSGAYITCAPFNPAATESIATNIFPLLGDPTSENKTD 

SEQ ID NO:5 

ATGGAAGACCTGGACCAGTCTCCTCTGGTCTCGTCCTCGGACAGCCCACCCCGGCCGCAG 
CCCGCGTTCAAGTACCAGTTCGTGAGGGAGCCCqW5GACGAGGAGGAAGAAGAg9^QGAG 

30 GAAGAGGAGGACGAGGACGAAGACCTGGAGGAGCTGGAGGTGCTGGAGAGGAAGCCtTGCC 
GCCGGGCTGTCCGCGGCCCCAGTGCCCACCGCCCCTGCCGCCGGCGCGCCCCTGATGGAC 
TTCGGAAATGACTTCGTGCCGCCGGCGCCCCGGGGACCCCTGCCGGCCGCTCCCCCCGTC 
GCCCCGGAGCGGCAGCCGTCTTGGGACCCGAGCCCGGTGTCGTCGACCGTGCCCGCGCCA 
TCCCCGCTGTCTGCTGCCGCAGTCTCGCCCTCCAAGCTCCCTGAGGACGACGAGCCTCCG 

35 GCCCGGCCTCCCCCTCCTCCCCCGGCCAGCGTGAGCCCCCAGGCAGAGCCCGTGTGGACC 
CCGCCAGCCCCGGCTCCCGCCGCGCCCCCCTCCACCCCGGCCGCGCCCAAGCGCAGGGGC 
TCCTCGGGCTCAGTGGTTGTTGACCTCCTGTACTGGAGAGACATTAAGAAGACTGGAGTG 
GTGTTTGGTGCCAGCCTATTCCTGCTGCTTTCATTGACAGTATTCAGCATTGTGAGCGTA 
ACAGCCTACATTGCCTTGGCCCTGCTCTCTGTGACCATCAGCTTTAGGATATACAAGGGT 

40 GTGATCCAAGCTATCCAGAAATCAGATGAAGGCCACCCATTCAGGGCATATCTGGAATCT 
GAAGTTGCTATATCTGAGGAGTTGGTTCAGAAGTACAGTAATTCTGCTCTTGGTCATGTG 
AACTGCACGATAAAGGAACTCAGGCGCCTCTTCTTAGTTGATGATTTAGTTGATTCTCTG 
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AAGTTTGCAGTGrTGATGTGGGTATTTACCTATGTTGGTGCCTTGTTTAATGGTCTGACA 
CTACTGATTTTGGCTCrCATTTCACTCTTCAGTGTTCCTGTTATTTATGAACGGCATCAG 
GCACAGATAGATCATTATCTAGGACTTGCAAATAAGAATGTTAAAGATGCTATGGCTAAA 
ATCCAAGCAAAAATCCCTGGATTGAAGCGCAAAGCTGAATGA 

SEQ ED NO:6 

MEDLDQSPLVSSSDSPPRPQPAFKi'CFVREPEDEEEEEEEEEEDEDEDLEELEVLERKPA 
AGLSAAPVPTAPAAGAPLMDFGNE-/PPAPRGPLPAAPPVAPERQPSWDPSPVSSTVPAP 
SPLSAAAVSPSKLPEDDEPPARPPPFPPASVSPQAEPVWTPPAPAPAAPPSTPAAPKRRG 
3 S GS VWDLLYWRD I KKTGWFGA5LFLLLSLTVFS I VS VTAY I ALALLS VTI S FR I YKG 

VIQAIQKSDEGHPFRAYLESEVAISEELVQKYSNSALGHVNCTIKELRRLFLVDDLVDSL 

KFAVt^WVFTYVGALFNGLTLLII^ISLFSVPVIYERHQAQIDHYLGIANKNVKDAMAK 
IQAKIPGLKRKAE 
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Claims 

1. An isolated polypeptide selected from the group consisting of: 

(a) an isolated polypeptide encoded by a polynucleotide comprising the sequence of SEQ ID NO: 1 or 
5 SEQlDNO:5; 

(b) an isolated polypeptide comprising a polypeptide sequence having at least 95% identity to the 
polypeptide sequence of SEQ ID NO:2 or SEQ fD NO:6: 

(c) an isolated polypeptide having at least 95% identity to the polypeptide sequence of SEQ ID NO:2 or 
SEQ ID NO:6: and 

10 (d) fragments and variants of such polypeptides in (a) to (e). 

2. The isolated polypeptide as claimed in claim I comprising the polypeptide sequence of SEQ ID NO:2 
orSEQIDNO:6. 

15 3. The isolated polypeptide as claimed in claim I which is the polypeptide sequence of SEQ ID NO:2 or 
SEQ IDNO:6. 

4. An isolated polynucleotide selected from the group consisting of: 

(a) an isolated polynucleotide comprising a polynucleotide sequence having at least 95% identity to the 
20 polynucleotide sequence of SEQ ID NO: I or SEQ ID NO:5: 

(b) an isolated polynucleotide having at least 95% identity to the polynucleotide of SEQ ID NO: I or SEQ 
ID NO:5; 

(c) an isolated polynucleotide comprising a polynucleotide sequence encoding a polypeptide sequence 
having at least 95% identity to the polypeptide sequence of SEQ ID NO:2 or SEQ ID NO:6; 

25 (d) an isolated polynucleotide having a polynucleotide sequence encoding a polypeptide sequence having at 
least 95% identity to the polypeptide sequence of SEQ ID NO:2or SEQ ID NO:6; 

(e) an isolated polynucleotide with a nucleotide sequence of at least 100 nucleotidesobtained by screening a 
library under stringent hybridization conditions with a labeled probe having the sequence of SEQ ID NO: I 
or SEQ ID NO:5 or a fragment thereof having at least 1 5 nucleotides: v,^ 
30 (0 a polynucleotide which is the RNA equivalent of a polynucleotide of (a) to (e); 
or a polynucleotide sequence complementary to said isolated polynucleotide 

and polynucleotides that are variants and fragments of the above mentioned polynucleotides or that are 
complementary to above mentioned polynucleotides, over the entire length thereof. 

35 5. An isolated polynucleotide as claimed in claim 4 selected from the group consisting of: 

(a) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO: I or SEQ ID NO:5; 

(b) the isolated polynucleotide of SEQ ID NO: I or SEQ ID NO:5: 

(c) an isolated polynucleotide comprising a polynucleotide sequence encoding the polypeptide of SEQ ID 
NO:2 or SEQ ID NO:6; and 

40 (d) an isolated polynucleotide encoding the polypeptide of SEQ ID NO:2or SEQ ID NO:6. 



- 23- 



BNSDOCID: <WO 0005364A1 J_> 



W ° 00/05364 PCT/GB99/02360 



6. An expression system comprising a polynucleotide capable of producing a polypeptide of claim I when 
said expression vector is present in a compatible host cell. 

7. A recombinant host cell comprising the expression vector of claim 6 or a membrane thereof expressing 
5 the polypeptide of claim I. K ° 

8. A process for producing a polypeptide of claim I comprising the step of culturing a host cell as 
defined in claim 7 under conditions sufficient for the production of said polvpeptide and recovering the 
polypeptide from the culture medium. 



10 



15 



25 



9. An antibody immunospecific for the polypeptide of any one of claims I to 3. 



1 0. A method for screening to identify compounds that stimulate or inhibit the function or level of the 
polypeptide of claim I comprising a method selected from the group consisting of: 

(a) measuring or, detecting, quantitatively or qualitatively, the bindingof a candidate compound to the 
polypeptide (or to the cells or membranes expressing the polypeptide) or a fusion protein thereof by 
means of a label directly or indirectly associated with the candidate compound: 

(b) measuring the competition of bindingof a candidate compound to the polypeptide (or to the cells or 
membranes expressing the polypeptide) or a fusion protein thereof in the presence of a labeled 

20 competition 

(c) testing whether the candidate compound results in a signal generated by activation or inhibition of the 
polypept.de, using detection systems appropriate to the cells or cell membranes expressing the 
polypeptide; 

(d) mixing a candidate compound with a solution containing a polypeptide of claim I, to form a mixture 
measunng activity of the polypeptide in the mixture, and comparing the activity of the mixture to a 
control mixture which contains no candidate compound; or 

(e) detecting the effect of a candidate compound on the production ofmRNA encoding said polypeptide 
or said polypeptide in cells, using for instance, an ELI S A assay. 

30 II. An isolated polynucleotide selected form the group consisting of: *^ " 

(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 95% identity to SEQ 
ID NO:3 over the entire length of SEQ ID NO:3; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO:3; or 

(c) the polynucleotide of SEQ ID NO:3. 

35 (d) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide which has at 

least 9 3 % identity to the amino acid sequence of SEQ ID NO:4. over the entire length of SEQ ID NO:4. 

1 2. A polypeptide selected from the group consisting of: 

(a) a polypeptide which comprises an amino acid sequence which has at least 95% identity to that of SEQ 
40 ID NO:4 over the entire length of SEQ ID NO:4; 

(b) a polypeptide in which the amino acid sequence has at least 95% identity to the amino acid sequence 
of SEQ IDNO:4 over the entire length of SEQ ID NO:4; 
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(c) a polypeptide which comprises the amino acid of SEQ ID NO:4: 

(d) a polypeptide which is the polypeptide of SEQ ID NO:4; or 

(e) a polypeptide which is encoded by a polynucleotide comprising the sequence contained in SEQ ID 
NO:3. 
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Figure 1 
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SEQUENCE LISTING 
<110> SmithKline Beecham pic 
<120> Novel compounds 

130> GP30165 
. 160> 6 

<170> FastSEQ for Windows Version 3.0 



15 < : : o > i 

<211> 3579 



<212> DMA 

<213> Homo sapiens 



20 <40o> i 

atggaagacc tggaccagtc tcctctggtc tcgtcctcgg acagcccacc ccggccgcag 
cccgcgctca agcaccagct cgtgagggag cccgaggacg aggaggaaga agaggaggag 
gaagaggagg acgaggacga agacctggag gagctggagg tgctggagag gaagcccgcc 
gccgggccgc ccgcggcccc agcgcccacc gcccctgccg ccggcgcgcc cctgatggac 
25 ttcggaaacg actccgtgcc gccggcgccc cggggacccc tgccggccgc cccccccgtc 

gccccggagc ggcagccgtc ttgggacccg agcccggtgt cgtcgaccgt gcccgcgcca 
tccccgctgc ctgctgccgc agtctcgccc cccaagcccc ccgaggacga cgagcccccg 
gcccggcctc cccctccccc cccggccagc gtgagccccc aggcagagcc cgtgtggacc 
ccgccagccc cggctcccgc cgcgcccccc cccaccccgg ccgcgcccaa gcgcag^ge 
30 ccctcgggcc cagtggacga gaccccctct gctcttcccg ctgcatccga gcc 

cgctcctctg cagaaaatac ggacttgaag gagcagccag gcaacaccac ttcggccggt 
caagaggatt ccccatccgt cctgcttgaa accgctgctt ctctccctcc tctgccccct 
ctctcagccg cttctttcaa agaacatgaa cacctcggta atttgtcaac agtattaccc 
actgaaggaa cacttcaaga aaatgtcagc gaagcttcca aagaggtctc agagaaggca 
35 aaaactctac ccacagatag agatttaaca gagctcccag aattagaata cccagaaacg 

ggaccaccgc ccagtgcctc tccaaaagca gaacccgccg taatagtagc aaaccccagg 
gaagaaataa tcgcgaaaaa taaagatgaa gaagagaagt tagttagtaa taacaccct: 
cataatcaac aagagctacc cacagccccc actaaactgg ctaaagagga tgaagtcgcg 
tcttcagaaa aagcaaaaga cagtcttaac gaaaagagag ccgcagcgga agctcctacg 
40 agggaggaac atgcagactt caaaccatct gagcgagcat gggaagcgaa agatagcaag 

gaagatagtg atatgctggc cgctggaggt aaaaccgaga gcaacttgga aagcaaagcg 
gacaaaaaat gttttgcaga cagccccgag caaaccaatc acgaaaaaga tagcgagagc 
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30 



40 



1380 
1440 
1500 



agcaacgatg .c.ctcettt ccccagtacg ccagaag gca caaaggaccg rccaggagca 
tataccacac gtgccccccc taacccagca gcaaccgaga gcatcgcaac aaacattccc 
ccttcgttag gagaccctac tecagaaaae aagaccgatg aaaaaaaaac agaagaaaag 

aaggcccaaa tagtaacaga gaagaacacc agcaccaaaa caccaaaccc Ctttcttgca 1560 

gcagcacagg attctgagac agattacgtc acaacagata atttaacaaa ggtgactgag i 620 

gaagccgtgg caaacatgcc tgaaggcctg actccagatt cagtacagga agcacgtgaa 1680 

agcgaaccga acgaagccac tggtacaaag attgcccatg aaacaaaaac ggacctggcc 1740 
caaacaccag aagccacgca agagtcactc taccccgcag cacagctttg cccatcatrt 
gaagagccag aagccactcc ttcaccagtc tcgccegaca ctgccatgga agcaccaccg 
aaccccgcag ttcctagcgc tggtgctccc gcgatacagc ccagctcacc accaccagaa 
gcttcttcag ccaatcacga aagcataaaa catgagcctg aaaacccccc accacatgaa 

gaggccatga gcgtaccact aaaaaaagta tcaggaataa aggaagaaac caaagagcct 2040 

gaaaatatta atgcagccct ecaagaaaca gaagcccctt atatatccat tgcacgegac 2100 

ctaaccaaag aaacaaagct tcccgccgaa ccagccccgg atcectctga ccacccagaa , 2160 

atggcaaaag ccgaacagcc agcgcctgac catcctgagc cagtcgaaga tccctcaccc 2220 

gattctgaac cagccgactt acccagtgat gaetcaacac ccgacgtccc acaaaaacaa 2280 

gatgaaaccg tgatgcccgc gaaagaaagc cccaccgaga ccccattcga gtcaacgaca 2340 

gaacatgaaa acaaggaaaa acccagtgct ctgccacctg agggaggaaa gccatatccg 2400 

gaatctttca agctcagtcc agacaacaca aaagacaccc cgctacctga tgaagtttca 2460 

acactgagca aaaaggagaa aactccttcg cagacggagg agcccagtac tgcagettac 2S20 

tcaaacgatg acctacccat: ttctaaggaa gcacagacaa gagaaactga aacgeeecca 2S80 

gatecatctc caattgaaat catagacgag ttccctacat tgaccagctc caaaaccgac 2640 

ccacccccta aatcagccag ggaatatacc gacctagaag caecccacaa aagtgaaaec 2700 

gctaatgccc cggatggagc Cgggtcattg cccegcacag aaccgcccca tgacctCCct 2760 

ctgaagaaca tacaacccaa agttgaagag aaaaccagtt tcccagatga cccttccaaa 2820 

aatgggtctg ctacatcaaa ggcgctccta ttgcctccag atgtttctgc Cteggccacc 2880 

caagcagaga tagagagcat agccaaaccc aaagctcctg tgaaagaagc tgagaaaaaa 294 0 

cttccctccg atacagaaaa agaggacaga tcaccatccg ccatacttcc agcagagccg 3000 

agcaaaaccc cag CC g CCga cctcccgcac Cggagagaca ccaagaagac cggagcggtg 3060 

=«gg C gcca gcccactccc gccgcctcca ctgacagtat tcagcatcgt gag<«t*aca 3120 

gcctacattg ccccggcccc gctctctgtg accaccagct Ctaggataca caagggcgcg 3180 

atccaagcta tccagaaacc agatgaaggc cacccattca gggcatatct ggaacctgaa 3240 
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